Objective-To assess the natural history of the atrial rhythm of patients with paroxysmal atrial arrhythmias undergoing atrioventricular node ablation and permanent pacemaker implantation. Design and setting-A retrospective cohort study of consecutive patients identified from the pacemaker database and electrophysiology records of a tertiary referral hospital. Patients-62 consecutive patients with paroxysmal atrial arrhythmias undergoing atrioventricular node ablation and permanent pacemaker implantation between 1988 and July 1996. 
Patients undergoing atrioventricular node ablation for paroxysmal atrial arrhythmias require implantation of a permanent pacemaker to treat the resultant complete heart block. Choice of the most appropriate method of pacing is contentious. The British Pacing and Electrophysiology Group 1 has not made specific recommendations about the optimal mode of pacing for these patients but states that "the presence of atrial activity other than chronic or frequently repetitive atrial flutter or fibrillation generally requires an atrial pacemaker electrode," and by inference this supports the use of dual chamber systems in patients with paroxysmal atrial arrhythmias. Dual chamber pacing has the advantage of maintaining atrioventricular synchrony, but with the development of atrial fibrillation the atrial arm of the system becomes redundant, leading to de facto ventricular pacing. This may not, however, be a common problem, and one retrospective study has suggested that in the majority of these patients dual chamber pacing is maintained during follow up. 2 Disadvantages of dual chamber systems are the increased cost and complexity of implantation and follow up, the failure rate of atrial leads, 3 4 and the possibility of a rapid ventricular response during atrial arrhythmias.
In contrast, ventricular pacing systems are simpler to implant and follow up, but can cause pacemaker syndrome 5 during sinus rhythm and may also increase the rate of progression to chronic atrial fibrillation. There is evidence that this occurs in patients receiving pacemakers for sick sinus syndrome [6] [7] [8] [9] [10] [11] [12] or complete heart block, 13 and patients undergoing ablation for paroxysmal atrial arrhythmias have similarities to both of these groups.
Theoretically the ideal mode of pacing for this group of patients is a dual chamber, mode switching device, 14 which will maintain atrioventricular synchrony during sinus rhythm but switch to a ventricular mode during paroxysmal or chronic atrial fibrillation. Universal use of these advanced pacing systems does not, however, make the best use of resources if a high proportion of the patients develop chronic atrial fibrillation and so require only a rate responsive ventricular (VVIR) pacing unit. Accurate prediction of those patients most likely to develop chronic atrial fibrillation would allow improved resource allocation. We undertook this study to assess the natural history of patients paced after atrioventricular node ablation for paroxysmal atrial arrhythmias and to test whether pacing mode is associated with the development of chronic atrial fibrillation.
Methods
We undertook a retrospective analysis of consecutive patients who have undergone complete atrioventricular node ablation for refractory paroxysmal atrial arrhythmias in this hospital between 1988 and July 1996. Sixty five were identified from the pacing department database and electrophysiology records. Patients' records were reviewed to assess age at implantation, method of ablation (by direct current (dc) or radiofrequency energy), The most recent ECGs were reviewed and the atrial rhythm classified as either ordered (sinus or atrially paced) or disordered (atrial fibrillation, flutter, or tachycardia). Follow up was censored once patients were deemed to be in a chronically disordered atrial rhythm or if the pacemaker mode was changed. Chronic disorder of atrial rhythm ("chronic atrial fibrillation") was diagnosed on the basis of either two consecutive ECGs showing atrial fibrillation, atrial flutter, or atrial tachycardia, or sustained arrhythmia on a 24 hour Holter recording, with no subsequent ordered rhythm. The two outcome measures chosen were therefore (1) a disordered atrial rhythm on the most recent ECG, and (2) chronic atrial fibrillation (as defined above). 
STATISTICS
Patient groups were compared using MannWhitney U tests for continuous variables and 2 (or Fisher's exact) tests for categorical variables. Variables were then assessed by forward stepwise multiple logistic regression analysis. The maintenance of sinus rhythm was assessed by Kaplan-Meier survival curves and the significance of variables assessed by the log-rank test. Statistical significance was assumed at a probability (p) of < 0.05.
Results
Of 65 patients identified three were excluded from the study-two died before hospital discharge after pacemaker implantation (one from a cardiac arrest and the other from a pulmonary embolism) and the third was lost to follow up. The study group therefore comprised 62 patients. Their baseline characteristics are summarised in table 1. Continuous variables are expressed as mean (standard deviation).
Four of the patients initially paced in VVI mode subsequently had their pacemakers upgraded to DDD (by implantation of a new system in three, and by reprogramming a dual chamber pacemaker that had been initially programmed to VVI mode in the fourth). These four patients were analysed on "an intention to treat" basis-that is, as part of the VVI group-and their follow up was censored at the point of pacemaker upgrade. Dual chamber pacemakers were routinely programmed DDD with a rate of 60 to 120 beats/ min. Ventricular pacemakers were programmed VVI at a rate of 60 or VVIR with a rate responsive range of 60 to 130 beats/min. There were four late deaths (at 195, 200, 360, and 532 days after pacemaker implantation).
At a mean follow up of 910 days (30 months) 31 patients (50%) had a disordered atrial rhythm on their last ECG, and 26 (42%) were in chronic atrial fibrillation. The survival of an ordered rhythm was assessed by Kaplan-Meier survival analysis (fig 1) and the median (SEM) survival of sinus rhythm after ablation was 1254 (383) days (42 (13) months). By 2584 days (86 months) after ablation 75% of patients were in chronic atrial fibrillation. The influence of baseline patient characteristics on the two outcome measures was assessed by univariate analysis (table 2). This shows that increasing age, previous dc cardioversion, and the presence of structural heart disease were all associated with a disordered rhythm on the final ECG and that increasing age, previous dc cardioversion, and VVI pacing were all associated with the development of chronic atrial fibrillation.
All variables were then entered into a multivariate logistic regression analysis (table 3) . This shows that a history of dc cardioversion and increasing patient age were associated with both of the outcome measures. A history of dc cardioversion was associated with a 5.7-fold increase in the risk of a disordered rhythm on last follow up and a 7.6-fold risk of developing chronic atrial fibrillation. Despite this high odds ratio, a history of dc cardioversion just failed to divide the population into significantly diVerent groups on survival analysis (fig 2) , p = 0.08. Increasing patient age was associated with an increase in risk of 10% per year of a disordered atrial rhythm on the final ECG and of 4% per year of developing chronic atrial fibrillation. VVI pacing was significantly associated with progression to chronic atrial fibrillation after the eVects of age and dc cardioversion had been entered into the regression models-that is, their inclusion in the multiple regression model significantly improved the model's ability to predict chronic atrial fibrillation. Although the odds ratio for this association is greater than 3, the 95% confidence interval spans 1. The magnitude of the association between VVI pacing and the development of chronic atrial fibrillation therefore fails to reach significance. Mode of pacing did not significantly alter the maintenance of sinus rhythm on survival analysis, p = 0 .15 (fig 3) . No other variables examined related to outcome. 
Discussion
In this analysis we show that patients undergoing atrioventricular node ablation for paroxysmal atrial arrhythmias are at high risk of developing chronic atrial fibrillation-42% had developed chronic atrial fibrillation after a mean follow up of 30 months. Increasing patient age at pacemaker implantation, a history of dc cardioversion, and VVI pacing are all associated with the development of chronic atrial fibrillation. No other variables, including the use of rate responsive pacing or the method of atrioventricular node ablation, were associated with outcome. The only other published study to have looked specifically at this patient group 2 retrospectively assessed the atrial rhythm of 49 patients after atrioventricular node ablation for paroxysmal atrial arrhythmias. At a mean (SD) follow up of 18.6 (15.6) months, 67% had either sinus rhythm or atrial pacing (an ordered rhythm by our definition). This figure is compatible with our findings: 50% of patients had an ordered rhythm at 30 (24) months. The smaller proportion of patients in our study with an ordered rhythm possibly reflects their longer follow up, although increased length of follow up was not independently associated with an increased risk of a disordered final ECG. Mitchell et al argue that as only 14% of their patients had an atrial arrhythmia on every follow up ECG, the development of chronic atrial fibrillation was relatively infrequent. 2 However, 25% of their patients had both atrial arrhythmias and sinus rhythm documented during follow up and it is not clear what proportion of these developed chronic atrial fibrillation by our definition. A theoretical maximum of 33% of the whole study group could have developed chronic atrial fibrillation during their follow up period and this is similar to the 42% of our patient group with chronic atrial fibrillation.
Why should these patients develop chronic atrial fibrillation? Age is a well recognised risk factor for the development of atrial fibrillation in the general population, 15 in patients paced for sick sinus syndrome, 16 and in patients undergoing coronary artery bypass grafting. 17 18 It is not surprising therefore that increasing age was associated with an additional risk of chronic atrial fibrillation in our study.
A history of paroxysmal atrial arrhythmias is also a recognised risk factor. Although little is known about the natural history of patients with paroxysmal atrial arrhythmias who do not receive pacemakers, it has recently been suggested that 25% to 67% of patients with paroxysmal atrial fibrillation will eventually develop chronic atrial fibrillation. 19 The data on patients with paroxysmal atrial arrhythmias who require pacemaker implantation are more extensive. Several studies of paced patients have shown that a history of paroxysmal atrial arrhythmias markedly increases the risk of developing chronic atrial fibrillation. In a retrospective study Gross et al found that 37% of patients with a history of paroxysmal atrial arrhythmias, but only 9% without, developed atrial fibrillation requiring a change of pacing mode from DDD to VVI over a mean follow up period of 33 months. 20 In a larger study 16 of 507 patients paced for sick sinus syndrome, multivariate analysis showed that a history of paroxysmal atrial arrhythmias increased the risk of progression to chronic atrial fibrillation more than 16-fold. In the largest prospective study of patients paced for sick sinus syndrome it was found that the only independent predictor of developing chronic atrial fibrillation after a mean follow up of 3.3 years was a history of paroxysmal atrial arrhythmias, and at a mean of eight years, a history of paroxysmal atrial arrhythmias and the left ventricular end diastolic diameter at the time of randomisation. 6 21 This finding has been reproduced in the preliminary results of the PASE study 22 (comparing VVIR with DDDR pacing for patients with sick sinus syndrome or complete heart block), in which a history of previous atrial fibrillation or other supraventricular tachycardia was the only factor predictive of the development of chronic atrial fibrillation in 403 patients with a mean follow up of 19.5 months.
In a subgroup analysis of 375 patients with a history of paroxysmal atrial arrhythmias being paced for sick sinus syndrome, length of history and prolonged episodes of paroxysmal atrial arrhythmias were the most significant predictors of chronic atrial fibrillation. 16 Use of antiarrhythmic drugs before implantation was also an independent predictor of chronic atrial fibrillation. We have shown that a history of dc cardioversion conferred a sevenfold risk of developing chronic atrial fibrillation; it might therefore be a marker of more prolonged or severe episodes of paroxysmal atrial arrhythmias, but it is more likely that it is a marker of failure of spontaneous conversion of atrial fibrillation to sinus rhythm and thus of persistent rather than paroxysmal atrial fibrillation. Patients with persistent atrial fibrillation (defined by Sopher and Camm 23 as atrial fibrillation which fails to undergo spontaneous cardioversion, but which can be converted electrically or chemically) who undergo atrioventricular node ablation are unlikely to undergo dc cardioversion after their ablation and thus will remain in atrial fibrillation. Their rhythm may then be diagnosed as chronic atrial fibrillation, although a more accurate description might be untreated persistent atrial fibrillation.
An alternative explanation for the association between dc cardioversion and chronic atrial fibrillation is that a need for dc cardioversion is a marker of structural heart disease which could increase the severity of symptoms caused by episodes of atrial fibrillation. Cardiac failure is strongly associated with the development of atrial fibrillation 15 24 in the general population, but in our group there was no association between structural heart disease, including left ventricular dysfunction, and the development of chronic atrial fibrillation on multivariate analysis, despite the association between it and a disordered atrial rhythm on the final ECG on univariate analysis.
In keeping with evidence of the detrimental eVect of VVI pacing on progression to chronic atrial fibrillation in other patients with paroxysmal atrial arrhythmias, 7 16 25 VVI pacing in this study was associated with an increased risk of chronic atrial fibrillation. This is consistent with our preliminary analysis of a subset of the same patient group, 26 which suggested that DDD pacing protects against the development of atrial fibrillation. Whether mode of pacing influences the rate of progression to chronic atrial fibrillation in patients with paroxysmal atrial arrhythmias who have undergone atrioventricular node ablation has not previously been studied systematically. Observations from large series of patients with sick sinus syndrome suggest that in patients with a history of paroxysmal atrial arrhythmias, ventricular pacing is associated with a prevalence of atrial fibrillation of 53-63% compared with 11-29% for physiological pacing. 7 16 25 Before ablation, patients with paroxysmal atrial arrhythmias are similar to patients with sick sinus syndrome with tachy-brady syndrome. Although postablation they are unlikely to have intact retrograde atrioventricular nodal conduction during ventricular pacing (which has been suggested as a further risk factor for developing chronic atrial fibrillation 12 ), they will still experience the adverse haemodynamic consequences of loss of atrioventricular synchrony that possibly enhances the progression to chronic atrial fibrillation.
Mode of pacing may also have diVerent eVects in patients with paroxysmal and persistent atrial fibrillation. If dual chamber pacing protects against the development of atrial fibrillation, this protection will be greater in patients with paroxysmal rather than persistent atrial fibrillation, as these patients will spend more time paced in dual chamber mode. This may reduce the tendency to develop chronic atrial fibrillation. The importance of VVI pacing in the development of chronic atrial fibrillation remains contentious, however, 27 and is currently the subject of large scale prospective studies for patients with sick sinus syndrome. 28 29 The association of dc cardioversion with an increased risk of chronic atrial fibrillation may allow the use of more appropriate pacing modes. Our study suggests that patients who have previously required dc cardioversion for an episode of atrial fibrillation have a sevenfold greater risk of progressing to chronic atrial fibrillation than those who have not. Such patients might therefore best be treated-as has been previously recommended 30 -with a VVIR pacing system. The choice of a VVI pacemaker for these patients increases the risk of chronic atrial fibrillation, but DDD pacing does not significantly prolong the survival of sinus rhythm. Patients who have not required dc cardioversion, because they have always reverted spontaneously to sinus rhythm before ablation, would gain haemodynamic advantages from dual chamber pacing and are likely to maintain this pacing mode for longer periods of time.
A further implication of these data is that all these patients are at a high risk of progression to chronic atrial fibrillation. As most of these patients have undergone atrioventricular node ablation because of failure of or intolerance to antiarrhythmic drugs, it is unlikely that continuing use of drug treatment after ablation would be successful. Attempts to maintain sinus rhythm in these patients may therefore be misplaced, and management should focus on optimising ventricular rate control and appropriate anticoagulation to minimise risks of thromboembolism.
LIMITATIONS
Any retrospective study has inherent limitations. There is potential for bias between the subject groups for which it may not be possible to control. We assessed left ventricular function and structural heart disease retrospectively from case notes and may have underestimated the prevalence of left ventricular dysfunction, or of heart disease. The end points of the study were derived from review of ECGs recorded at variable intervals. DiVerent treatment strategies reflect advances in ablation and pacemaker technology since 1988. Since that time standard practice has progressed from dc to radiofrequency ablation techniques and from VVI to complex mode switching, rate responsive, dual chamber pacemakers. These technological advances have altered opinions concerning both patient selection and subsequent optimal pacing mode.
CONCLUSIONS
Survival analysis of atrial rhythm in patients undergoing atrioventricular node ablation for paroxysmal atrial arrhythmias suggests that over a prolonged period of follow up the vast majority progress to chronic atrial fibrillation. Risk factors for this are a history of dc cardioversion, increasing patient age, and VVI
